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ABSTRACT 
Rate constants were determined tor deuterium 
exchange tro,m m-dichlorobenzene-2-d in o.s to 5 molar 
methanolic spdium methoxide solutions at so.ao c. 
Since this is a base catalyzed reaction, an attempt 
was made to oorrelate the rates with the appropriate 
r 
i 
basioity parameter. The methoxide ion concentration 
was an entirely inadequate parameter since a plot of 
log k1 against log (ocH~ showed a linear variation 
with a slope of 2.40. Significant correlation would demand 
a slope of unity. The D0 function provided correlation 
for all kinetic runs except those of sodium methoxide 
concentrations higher than 4.05 M. Thell_ function 
failed to provide adequate correlation for those 
kinetic runs made at base concentrations higher than 
3.6M. The lack of correlation with either of these 
functions at high base concentrations is attributed to 
inaccuracies in the determination of D0 at these 
concentrations. 
The mechanistic significance of the experimental 
results is discussed. 
1 
SECTION I 
HISTORICAL INTRODUCTION AND THEORY 
" Hammett and Deyrup (1) originally devised the II acid- 
o 
ity function as a means for extending the pH scale, normally 
used in dilute acidic solutions, to more strongly acidic 
media. The H0 function derives from indicator measurements 
on the following system in which B represents an uncharged 
indicator base: 
B + u+ ~ Blf" (I) 
Writing the thermodynamic equilibrium constant for the 
ionization of the acid B~ one obtains: 
+ a + KBH = an n (II) 
ami+ 
Since + aBII = fBH+ an + f + t = fn and aH CBH+ CB = ~ H H 
KBH+ can be expressed as fol lows: 
+ + Km1 = CBfBall 
CBH+fBH+ 
and pKBH+ log + = CBH - log aHfB CB fm{ 
(III) 
(IV). 
Rearranging we get: 
- log au+fB 
fBH+ 
+ = pKBH - log (V) 
2 
which by definition, is the II0 ncidity function • 
• Hammett (2) derived simil.nr functions (H_, n2_, ff+) 
" for systems where the charge type of the base varied. The 
H function derives from the following system: 
(VI) 
Then for equilibria in basic media of the type: 
(VII) 
one can relate the basioi ty of the medium t·o the H_ 
function as follows: 




Since Kw= aHt~OH~ 
8H O 2 
- log(KyaH20fn- ~ 
\aoir r Bu ) 
(IX) 
log (aoir fm1)- log 8H20 + PKw 
~ I. B .. 
(X) 
Analagously the H_ function in methanolic methoxide 
solution would become: 
CH30- + DH~ B- + CH30H 







H_ = PKnH + log cB- = log acu30-fm1 + pKCH30H (XIV) 
CDII aCH30II t B- 
Knaub (3) has developed an indicator scale for methan- 
olic sodium methoxide solutions which presumably measures 
the ability of the medium to methoxylate a Lewie acid in- 
dicator according to the reaction: 
in which D represents an uncharged indicator. The thermo- 
dynamic equil~brium constant for the ionization of the re- 









The D0 function is defined as follows: 
Do = p~OCH - 
3 
+log Cn ---- 0noCH3- = - log a - CH30 fn f DOCH3- 
(XVIII) 
Measurements of H_ in basic media have been limited 
due to the low solubility of most substrates that might be 
used as appropriate indicators. H_ determinations to date 
include measurements in the media aqueous hydrazine (4), 
aqueous ethylenediamine (5), aqueous tetramethylene sulfone (6), 
4 
aqueous pyridine (6), aqueous dimethylsulfoxide (7) and 
aqueo~~ sodium hydroxide (8, 9, 10). 
In methanolic solutions the indicators generally used 
are substituted anilines and diphenylamines (11, 12), phenols 
(13, 14), and aldehydes (3). Just as the Ho acidity function 
seems to be dependent on the structural type of the indicator 
(15), the H- function also has been found to be dependent on 
the nature of the indicator in both aqueous and methanolic 
solutions, although the available data is considerably more 
limited (16). 
Zucker and Hammett were the first to explore the utility 
of acidity functions in the mechanistic interpretation ot the 
rates of acid catalyzed reactions. They found a correlation 
between Ho and the first-order rate coefficient for the hydro- 
lysis of sucrose by aqueous acids whereas they found that for 
the acid-catalyzed iodination of acetophenone in aqueous per- 
chloric acid solutions, the log k1 was closely linear with 
unit slope in log CH+ rather than in -H0• Bunnett (17) in- 
vestigated the I~ acidity function in acid catalyzed reactions 
as a means of predicting the manner in which water participates 
in the rate-determining step. 
The validity of these arguments concerning reactions in 
acidic media was generally assumed for a number of years (18). 
However, evidence gradually accumulated which contradicted the 
theory. Arnett and Mach (15) demonstrated the lack of uniqueness 
5 
of the I-fo acidity function as determined using primary and 
ter~iary anilines, in sp t te of -their otherwise structural 
similarity. Specifically a plot of the I~ scale obtained 
with tertiary anilines verus the scale obtained with pri- 
mary anilines had an average slope of 1.3. Obviously if 
the nature of the indicator plays a significant role in de- 
termining the n0 scale, the utility of these functions for 
the interpretation of rate correlations becomes a very 
lirnited one. 
In basic media the question is still an open one. Kin- 
etic tests of indicator functions have been scant mainly be- 
cause of their late development. Because methanolic sodium 
methoxide combines the advantages of adequate solvent pro- 
parties with a high dielectric constant Rnd a single strong 
base, this medium is especially convenient for the develop- 
ment of basicity scales and their subsequent test in kinetic 
applications. 
Several previous kinetic investigations in this medium 
have been made (3, 11, 19, 20). Ridd (19), in a manner an- 
alagous to Hammett and Zucker, described B1 and n2 reactions 
as follows: 
fast 
B - + g+ BH = B1 
slow B- ---? Products 
(XIX) 
(XX) 
BH +base -4 slow 
products B2 (XXI) 
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O'Ferrall and Ridd (11) have applied the terminology to 
me theno'Lt o m~thoxide solutions: 
SH+ CH3o- ~ s- + CH30H} 111 (XXII) ..:.-- 
s- ~ Products (XXIII) slow 
SH+ CH30- slo~ Products B2 (XXIV) 
An Elcb reaction is considered to be a typical example 
· of the first type and an E2 of the second. 
Hine (21, 22) and his co-workers had previously studied 
the basic hydrolysis of chloroform. 01Ferrall and Ridd con- 
firmed the reaction to be of the Bl (JHcb) type in methanol: 
OCI13 ·~ cc13 (XXVI) CHC13 + ~ + CH30H fast 
cc1- ~ CC12 Cl- (XXVII) 3 slow + 
CC12 ~ Products (XXVIII) fast 
Their confirmation was based on the linear variation of 
the rate with H-; a plot of log kons versus -H- was somewhat 
curved with a mean slope of o.s. Ideally, the plot would be 
linear with.unit slope. Knaub (3) found that a contrived H- 
scale, -(n0 +log aCH30H - pKcuaoH), gave a linear .Plot with 
a slope of 1.04. 
0'Ferrall and Ridd also studied the reactions of phenethyl 
Chloride and of 1- chloro - 3,3- dimethylbutane in concentrated 
Sodium methoxide. The former was considered to be an E2 
reaction. 
7 
The log of the first order rate constants for the former 
wer?' plotted against the log Cocn3 and the plot was found to 
have a .. slope that approached three in 4M solutions, indicating 
the need for some other correlatin~ hasioity function. Knaub 
{3) tried to determine the appropriate parameter. Presuming 
the inclusion of the methoxide ion in the trlU}sition state, 
he predicted a linear variation of log k2 with D0 with unit 
slope,but obtained a slope of 0.76 instead. If the CH30- 
ion were solvated to the same extent both prior to reaction 
arid in the transition state, a linear variation with meth- 
oxide concentration might be expected with unit slope whereas 
if methoxide ion lost solvent prior to the completion of new 
bond formation, a linear variation with D0 might be expected. 
Knaub, considering a function between these two extremes, 
found a correlation between the rate and (D0 - 2 log acrr3on> 
indicating a loss of about half the bound methanol during 
the formation of the a~tivated complex. 
In concentrated base, 1- chloro -3, 3- dimethylbutane un- 
dergoes the loss of chloride ion both by substitution and by 
elimination. O'Ferrall and Ridd found the overall second order 
rate constant to be constant with changing base concentration. 
Knaub has determined pseudo first-order rate constants for 
the methanolysis of 1- chloropropane in methanol, a typical 
sn2 reaction. He found them linearly related to the concentration 
8 
of methoxide ion, results similar to those above. Anbar et 
al. (~3) had previously reported- a linear variation of rate 
with a contrived D0 scale (H_ +log aH20) for certain E2 and 
Sn2 reactions in aqueous alkali. Thus there is a drastic 
difference in response to basicity changes for otherwise 
similar reactions in the two different media. Apparently there 
is a great deal yet unknown concerning the utility of basicity 
parameters. Certainly, the problem of rate correlation is not 
at all as simple a problem as might first have been supposed. 
In the present work the rate of deuterium exchange from 
deuterated m-dichlorobenzene in methanolic sodium methoxide 
was studied as a function of methoxide concentration. The 
previous work of Hine and Langford (24) indicated that deu- 
'terium exchange from deuterated m-dichlorobenzene occurred 
through carbanion formation rather than through a concerted 
Process. Also, Hine (25) and Shatenshtein (26) previously 
observed that electron withdrawing substituents increase the 
rate of carhanion formation much more in the ortho than in the 
~eta and para positions. 
The overall reaction is shown in equation: 
D 
Cl \ Cl 
'(§)'' 
H 
Cl '(SJ .... Cl 
+CH3on (XXIX) 
9 
A discussion of reaction mechanism will be found in the section 
cont(\ining experimental r-e suj t s ; since it wi 11 be interpreted 
in terms of the correlation obtained. 
It is hoped that this present study will add to our 
knowledge concerning the utility of basicity parameters tor the 




A. CHEMICALS AND SOLUTIONS 
1. Methanolio Sodium Methoxide 
Approximately 207 g of sodium was cut and stored in 
toluene. The sodium, after being rinsed in methanol, was 
slowly added to a three necked flask containing 1.5 liters 
of methanol (Matheson, Coleman & Bell, A.c.s.). The 
magnetically stirred mixture was kept under an atmosphere of 
nitrogen and refluxed for approximately 42 hours. At the end 
of this time the cloudy viscous mixture was quickly poured 
through coarse wire screening to remove excess sodium. The 
methanolic sodium methoxide was stored in three one ptnt 
polyethylene bottles which had been previously rinsed with 
methanolic sodium methoxide and thoroughly flushed with 
nitrogen. The bottles were permitted to stand undisturbed 
for approximately two weeks until the excess sodium methoxide 
had settled to the bottom and the solution became clear and 
colorless. 
2. Purification~~ - Dichlorobenzaldehyde 
Approximately 30 g. of 2,6 - dichlorobenzaldehyde was 
dissolved in and recrystallized from 100 ml of ligroin (b.p. 
110° '4'! 11s0c). An oil appeared so the solution was decanted 
previous to recrystallization. The yield was 14.73 g. The 
11 
rosu:~ing light yellow needles melted at 68.50 - 10.soc 
(11t1 10°c)(21). 
3. P~eparation of 216 Deuterated M-Dichlorobenzene ~ --- ~~~~~- -~~~~~~~~- 
Bonnett, Miles and Nahabedian (28) had previously studied 
t'e alkali cleavage of 2,6- dichlorohenzaldehyde. This was 
~he method of preparation, using sodium hydroxide and the 
purified 2,6- dichlorobenzaldehyde: 
Cl 
~~HO 






Several "dry runs11 using sodium hydroxide in water rather than 
in heavy water were made to establish an optimum isolation 
method. 
One hundred milliliters of 2M NaOH were added to 15g of 
2,6 - dichlorobenzaldehyde in a distilling flask. The side arm 
was broken off, the hole sealed and the neck constricted and 
sealed. The flask was placed in a hot water bath overnight 
at about go0c. Removal from the bath the following day showed 
much unreacted aldehyde so the flask was placed in an oven at 
loo0c overnight. Since this too proved unsatisfactory, the 
contents were transferred to a three-necked flask containing 
a stirrer and condenser. Difficulties with the stirrer ne- 
cessitated further change. The procedure finally adopted in- 
volved the use of a single necked 500 ml round bottom flask 
12 
containing an elliptical magnetic stirrer and heated with a 
heating mantle. 
In the actual preparation 100 ml. of 2M NaOII (Matheson, 
Coleman, and Bell, A.c.s.) in heavy water (Kand K, Reagent) 
were added to the 14.73 g of purified m-dichlorobenzaldehyde 
and the above described preparation carried out. The reaction 
was allowed to proceed approximately 48 hours. The deuterated 
m-dichlorobenzene was extracted with two 25 ml. portions of 
chloroform. The combined chloroform layers were washed with 
two 60 ml. portions of 40% aqueous sodium meta bisulf!te and 
dried by the addition of lOg. of anhydrous sodium sulfate. 
After the solution was dried and filtered for the removal of 
the sodium sulfate, the chloroform was removed on the rotary 
evaporator. The residue was distilled from a 25 ml. round 
bottom flask heated in a silicone oil bath; 6.7 ml. were 
collected in the range 171°-isa0c. Since the range was rather 
wide, the fraction was redistilled in a smaller apparatus. 
The difficulty appeared to be superheating. The yield was 
6.4 ml. The experimental value of the refractive index of 
distilled K & K m-dichlorobenzene was 1.5440 (26°c) (lit. 
l.5457-21°c)(29). That of the deuterated m-dichlorobenzene 
was 1.5418 (25.5oc). A vapor phase chromatogram showed the 
sample to contain less than 3% chloroform. An inf~ared spectrum 
13 
of a 4.74% solution of 2,6 m-dichlorobenzaldehyde in deu- 
terated~m-dichlorobenzene was compared with the neat spectrum 
of deuterated m-dichlorobenzene. 
In Figure I there are three infrared spectra. The first 
is the neat spoctrum or m-dicblorobenzene, the second that or 
the deuterated m-dichlorobenzene, and the third the aldehyde 
solution in m-dichlorobenzene. The absorption of the deu- 
terated m-dichlorobenzene at 5.85 microns was found to be 
.143 while that of the aldehyde solution at the same wavelength 
was .240. Since absorption at this wavelength is typically 
that of the carbonyl group, it was concluded that the deu- 
terated m-dichlorobenzene contained a maximum of 2.0% 2,6- 
dichlorobenzaldehyde. 
Later in the year this synthesis was repeated since 
additional deuterated m-dichlorobenzene was needed. 
Twenty five grams of the recrystallized m-dichloro- 
benzaldehyde (mp 68.5° - 69.s0c) was allowed to react with 
100 ml. of 5M NaOH for four days. The yield of colorless, 
clear deuterated m-dichlorobenzene obtained at 170°-172°C 
was 13.0 ml. The refractive index was 1.5439 (26°c). 
All other solutions needed were prepared by conven- 
tional methods. 
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B. INFRARED ANALYSIS 
for all infrared measurements the Perkin Elmer Model 21 
Recording Spectrophotometer and the Perkin Elmer Model 237 
Recording Spectrophotometer were used. There were no measur- 
able differences in the quantitative results obtained from the. 
two instruments. There were also no observable differences 
between the spectra obtained from the first preparation of 
deuterated m-dichlorobenzene and the second, (see Figure II, 
III,IV), although there was one difference in the spectra 
following kinetic runs. This will be explained below. Hine 
and Langford (24), who previously had studied the kinetics of 
deuterium exchange from deuterated m-rlichlorobenzene, had used 
bands at 13.484 microns and 10.001 microns for deuterium and 
protiuro respectively. These bands were observed, but that at 
13.484 microns was such as to make the determination of the 
base line very difficult. The intensity of the band at 10.001 
microns was very low. Therefore, it was decided to use bands 
at 8.35 microns and 15.0 microns for deuterium and protium 
absorption respectively. Since these bands are of about equal 
intensity as shown by the neat spectra and since a carbon di- 
sulfide solution containing 50% of the deuterated m-dichloro- 
benzene and 5~~ of the protonated m-dichlorobenzene showed 
these bands to be of about equal intensity, it was assumed that 
the ratio of the extinction coefficients was unity. This 
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assumption and the application of Beer's Law were extensively 
tes~ed, as described below. 
Two 10 ml. stock solutions of carbon disulfide, one con- 
taining 150 ml. of deuterated m-dichlorobenzene and the other 
containing the protonated m-dichlorobenzene, were prepared. 
From them the following percent solutions were prepared: 
~ Observed% 
l 33 33 31 
I 2 66 70 62 
3 25 22 
.4 75 79.5 
5 50 54 50 
The percents in each case represent the percent of the 
deuterated m-dichlorobenzene. Each solution was prepared in 
duplicate to determine the reproducibility of results. Those 
solutions for which a dash is indicated had bands which were 
too intense to establish valid percentages. In each case the 
cell URed was a O.l mm fixed path sodium chloride cell. A 
matched cell containing carbon disulfide was used in each 
case. Each solution was evaporated down to approximately 0.5 
ml. or enough just to be able to get it into the cell by means 
of a syringe. The percentages were determined by the follow- 
ing formula where A represents absorbance and where absorbance 
is measured from the base line. 
As. 3s;_A1s. of<- 
This procedure was~used in all kinetic runs. 
% :: 
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C. KINETIC PROCEDURE 
.A constant temperature bath was set up consisting of a 
crock containing polyethylene glycol (Carbowax). The per- 
manent heater was a 250 watt knife blade heater and the in- 
termittent heater was a 125 watt knife blade heater. The 
latter was controlled by a thermal regulator (Will) connected 
to a relay (Fisher). The temperature was controlled at 
- 0 80.3+ .1 c. A motor driven stirrer helped to maintain the 
constant temperature. 
Sinoe base attacks glass, the question of a reaction 
vessel posed a problem. A number of attempts were made to 
develop something which would not be attacked by the base 
and could be sealed well enough to be able to withstand the 
vapor pressure of methanol at so0• Originally a suitable 
reaction vessel was thought to be a glass ampoule containing 
a nalgene insert. However, it was found that the air between 
the insert and the ampoule wall acted as an insulator so 
that even after 40 minutes the contents of the ampoule were 
still not up to the temperature of the bath. 
Various attempts were made to develop a suitable re- 
action vessel. They include the following: 
1. An attempt was made to seal nalgene tubes. It was 
unsucoess~ul. 
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2. A rubber stopper was used on a nalgene tube. The 
stoppe~ was held securely by epoxy glue. The glue did not 
bind to the polyethylene tube so that the tube exploded. 
3. Tubes were coated with Teflon 30 Aqueous Dispersion 
(Dupont Tetrafluoroetlzylene Ilesins). The tube was baked at 
10o0c for a few minutes to dry the Teflon and the coating was 
sintered in an oven at 370°c for about 5 minutes. The coat- 
ing held up in the µresence of concentrated base, but wasrnot 
satisfactory in the presence of less concentrated base. Full 
strength, 1:1 and 2:1 water-Teflon dilutions were made and 
tried, but these proved unsuccessful. Two and three coats of 
Teflon were applied, each time the tube being treated as 
described above, but the coatings were not satisfactory. 
4. The Teflon coating described above frequently pulled 
away as an intact sack. Therefore, Fluoroglide, a brand of 
Teflon contafning a binder, was tried. This was sprayed on 
and baked in an oven for an hour at 160°c. Results were not 
satisfactory. The baking time was extended and addi.tional coats 
Were tried, but with no success. 
5. An attempt to melt polyethylene and apply it as a 
coating to a glass test tube failed. The liquid did not be- 
come sufficiently fluid for successful application. 
The decision was made to continue the experiment in glass 
test tubes without an insert and without a coating. This meant 
18 
there were two problems which had to be dealt with. First, 
this a~proach would only be valid if there was a negligible 
change in base strength during the course of a reaction. An 
experiment was designed to measure the extent of change in 
base concentration over a period of time. Six tubes were filled 
with 5 ml. of approximately 4M. sodium methoxide, sealed and 
placed in the constant temperature bath. An initial titra- 
tion of lml. of the sodium methoxide was made against ~1021 M. 
HCl. Then one tube was removed from the bath each day and 










This was considered to be a negligible change in base con- 
centration. Previous workers (11) had dealt with the prob- 
lem by assuming that the base concentration of the kinetic 
run was the average of the initial and final concentration, 
apparently after having seen the small change in concentration. 
It was decided to follow a similar procedure. The validity of 
the assumption seems to have been borne out since there was 
never any change in base concentration exceeding 10%. 
Secondly, the problem of the salt effect had to be con- 
8idered. Since the concentrated base had not attacked the 
19 
Teflon coated test tubes, an experiment was designed to 
measl.1.re the magnitude of the salt effect. Two runs were made 
in concentrated base, one in coated tubes and one in uncoated 
tubes. Since it was presumed at this point, that this would 
be a rapid reaction at so0c, it was decided to carry it out 
at 40°c. Results as indicated below show that the reaction 
is slower than supposed: 
t (sec) ! (Coated) % (Uncoated) 
600 67.3 66.7 
900 69.3 67.6 
1200 66.7 66.3 
1500 66.8 67.1 
1800 67.2 68.7 
2100 66.4 55.4 
Rates of reaction could not be adequately compared so the re- 
action was repeated at 60°. Results are .as follows: 
Base concentration: 5.,407M 
UNCOATED 
t (sec) -2L log % (log%}t0-(log%)t kL2.3 k 
1200 64.4 1.8089 0 . - 
2100 63.0 1.7993 .0096 1.06 x 10-6 2.45 x 10-6 
3000 59.6 1.7752 .0337 1.87 x 10-6 4.30 x 10-6 
3930 - 4800 55.6 1.7451 .0638 1.77 x 10-6 4.07 x 10-6 
5700 51.0 1.7076 .1013 2.26 x 10-6 5.19 x 10-6 
average k: 4.00 x 1076 
average deviation: 7.8 x 10- 
percent deviation: 19.!_5% 
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COATED 
t (sec} ~ _1 log~ {log%)t0{log%)t k/2.3 k 
1200 64.5 1.8096 
x-10-6 2100 64.2 1.8075 .0021 2.33 5.36 x 10-6 
3000 60.3 1.7803 .0293 1.63 x 10-6 3.75 x 10-6 
3930. 58.2 1.7649 .0447 1.64 x 10-6 3.77 x 10-6 4800 




-6 4.21 x 127 
5.8 x 10 
13.8% 
The two rate constants were within the experimental error 
of one another, but the magnitude of the experimental error 
caused one to draw conclusions cautiously. It was decided to 
proceed on the assumption that the salt effect was a neg- 
ligible one. 
The kinetic procedure established consisted in the follow- 
ing: the deuterated m-dichlorobenzene was diluted down to 
69.7% with protonated m-dichlorobenzene, Enough was diluted 
to be used in all runs. Base solutions of the desired con- 
centration were prepared under a nitrogen atmosphere in a 
50 ml. volumetric flask and then transferred to a polyethylene 
bottle. One hundred fifty microliters of the diluted deu- 
terated m-dichlorobenzene were added and the contents shaken. 
Five milliliter aliquots were transferred to each of seven 
test tubes (16 x 150 mm) and the tubes were sealed and placed 
in the constant temperature bath. On removal from' the bath 
at the appropriate time, the reaction was effectively stopped 
by submersion of the tube in ice water followed by acidifica- 
tion lii th 3H nc104• The contents were allowed to cool and 
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then the separation was carried out by the addition of two 
2 m~. portions of carbon disulfide. The carbon disulfide 
layer~ were removed, combined, and dried hy the addition of 
silica gel. Concentration of the carbon disulfide solution 
on the rotary evaporator preceded the infrared analysis 
described previously. 
Sample spectra typical of a kinetic run follow. All 
spectra obtained were alike except for one distinction. As 
mentioned previously two preparations of tho deuterated m- 
ctichlorobenzene had to be carried out. The bands for infra-· 
red analysis were of greater intensity in the second sample, 
so that 150)<..l of sample were used rather than the previously 
used 250 p..l. Secondly, the broad region between 8.0 microns 
and 10.8 microhs seems to involve greater absorption. Possi- 
ble reasons for this are considered in the Discussion of Re- 
sults. 
Kinetic runs were made for 5M, 4.5H, 4.0M, 3.5M, 3.0M, 
2.5M, 2.0M, 1,5M, 1.0M and 0.5M. Exact concentrations and 
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RESULTS AND DISCUSSION 
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.. Data for the ten kinetic runs will be found in Tables I 
to X. The value of k1 in each case was obtained by Equation 
XXXI: 
k1 = (log%)t-(log%)to 
t1 - to 
(XXXI) 
where the (log%)t is the logarithm of the percent of deuterated 
m-dichlorobenzene at time t and (log%)t0 is the logarithm of - 
the percent of the deuterated m-dichlorobenzene at the time 
when the first tube was removed. The maximum percent deviation 
in k1 was 6.5%, for the run using 1.012 M sodium methoxide. 
The corresponding error in log k1 is 1.36%. 
Spectra for a typical run (3.42 M base) will be found in 
Figures V to X illustrating the method of analysis used. This 
particular run was analyzed on the Perkin Elmer Model 237 
Spectrophotometer. Figure XI shows the graphical solution for 
the value of k1 for this run. 
The run here described was made using the original pre- 
paration of the deuterated m-dichlorobenzene. No kinetic 
differences were noted between the runs involving either the 
original or the latter preparation of deuterated m-dichloro- 
henzene. However, the spectra differed slightly in that there 
was a broad area of nbsorbance between approximately 8 microns 
and 10 microns in the spectra obtained using the second pre- 
paration that was not present in the spectra obtained using 
the first preparation. However, this absorbance appeared only 
after the de11terated m-dichlorobenzene had been exposed to base. 
It was not present in the neat spectrum. For this reason, and 
since the absorbance does not seem characteristic of any par- 
ticular functional group, it was assumed that the additional 
absorbance was due to an impurity in the base. This was possi- 
ble since the base solution had been kept for about· seven months. 
A typical spectrum obtained using the second preparation of 
the deuterated m-dichlorobenzene has been included in Figure 
XII. Comparison of this spectrum with any of the spectra in 
Figures V to X illustrates the difference. The value of the 
rate constant does not seem to have been affected by this 
difference. 
Figure XIII, which is a graph of log k1 against the log 
[ocH3-] , illustrates the need for a more appropriate basicity 
parameter. A rate constant for 0.099 M NaOCH3, computed from 
the activation parameter of Hine (24), has been included in 
the graph. A line with unit slope has been drawn through the 
point representing a base concentration of 0.099 M. This 
line correlates the rate with base concentration in ~he very 
dilute methoxide region, but in the more concentrated region 
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the apparent order in methoxide ion concentration is 2.40. 
Evidently, a basioi ty parameter other than the concentration 
I 
of b~se is required for ~1quantitative acoounting of the re- 
action rate. 
Figure XIV reproduces Knaub's plot of D0 versus the 
sodium methoxide concentration. This plot was used to de- 
termine values for -D0 at the concentrations of sodium 
methoxide used in these runs, and these are tabulated in 
Table XII. 
In Figure XV is shown a plot of log k versus -D0• A 
line of unit slope has been drawn through the points. Sig- 
nificant deviation occurs at sodium methoxide concentrations 
higher than 4.05 M. A glance at Figure XIV will indicate 
that the greatest uncertainty in the D0 determinations of 
Knaub are found at sodium methoxide concentrations in this 
area. Therefore, the deviation of the log k from the -D0 
correlation at high concentrations might be attributed to 
the error in the determination of D0 at high base concen- 
tration. 
The deuterium exchange reaction probably proceeds 
according to the mechanism outlined in Equations XXXIII 
and xxxrv. QCH3- 
1 
D .. 
+ ocHa- -+ c1-©-c1 
D 
I 




"~' ·0 . 
(XXXIV) 
From the composition of the reaction mixture the condition 
k2acu3oH ))) k_1acH30D muet obtain. 




Then c:f=. • K4 aArD aOCif3 
ff 
(XXXVI) 
and the rate can be expressed as: 
rate = k1 C;= = k1Kt aArD 
:r=r 
(XXX:VII) 
Since the rate can be described: 
rate= koBS 




and log =log kl KT+ log aocu-3 1 f + og ArD 
ff ' (XL) 
And since Do = - log aocu- fg 3 (XLI) 
f soci13 
then log aOCH3 = -D •log f (XLII) 0 8 
f SOCH3 




If the transition state shown in Equation XXXIII is correct, 
one might expect a linear var~ation of the log robs. with 
-D0 having unit slope. According to Equation XLIII this can 
be expected provided that the equality shown in Equation XLIV 
obtains. 
= 
d [ocn~ -J (XLIV) 
From the quality of the correlation shown in Figure XV this 
equality seems to hold fairly well for this system. 
As mentioned previously the IL. function for methanolic 
sodium methoxide solutions is expected to account for equili- 
bria of the type shown in Equation XLV. 
CH o- + 3 BH (XLV) 
Therefore, if a correlation of rate with H~ exists, it im- 
plies that the transition state more closely approximates 
structure XLVI than it does the transition state shown in 
Equation XXXIJI. Cl'@ Cl /. 
0 (XLVI) 
The significance of this is better understood by con- 
sidering the potential energy-reaction coordinate diagram in 
Figure XVI. A correlation of rates by the H_ function would 
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require that the potential energy of the transition state 
very closely approximate th~ potential energy of the inter- 
mediate dichlorophenyl anion in order that it might also 




Ar---n--- OCH3 Ar- - - - H-- - OCH3 
~ 
ArD + ocn3 ArH + OCH3 
Reaction Coordinate 
Then a correlation of rate with D0 might be taken to 
indicate the presence of methoxide ion in the transition 
state while a correlation with H_ might be taken /to indicate 
the (near) absence of methoxide ion. Presumably, then, the 
nature of the correlation obtained might be indicative of 
the degree of involvement of the methoxide ion in the 
transition state. 
In Table XIII are listed the values for the "contrived" 
JL function determined by Knaub. Equation XLVI defines this 
function obtained solving Equation XVIII __ for ac1130-, and sub- 
stituting this into Equation XIV: 
H_ +log fB- fn (XLVI) 
fnHfDOCH3- 
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If the ratio of activity coefficients on the right is 
assumed to have a value of unity, the left side of the equa- 
tion"'is a measure of H-. Values of aCH30H are those of 
Freeguard, Moodie and Smith (30). Values of aCH30H at the 
base conoentrations used in this experiment have been de- 
termined graphically from Figure XVII. 
Figure XVIII shows the nature of the correlation between 
rate and the "contrived" H_ function. A line of unit slope 
has been drawn t hr-ough the points. A correlation seems to 
exist up to a base concentration of 3.6 M. 
It is very difficult to determine which of the two func- 
tions correlRtes the rates more effectively. A comparison of 
the two graphs shows that the D0 function adequately corre- 
lates the rates for all but the two highest base concentrations, 
whereas the H_ function fails to do so for the four points 
corresponding to base concentrations higher than 3.6 M. Cer- 
tainly no definite conclusion can be reached; however the D0 
correlation appears to be the more pertinent one. At this 
point it appears that the data is not sufficiently accurate 
to distinguish these subtle differences in mechanism. Since 
the rate data is good, inaccuracies in the de t e rm t na t Lon of 
D0, especially at the high base concentrations, will have to 
be cl~ared up before a more meaningful interpretation of the 
rate measurements can be made. 
Knaub succeeded in showing that the rates of methanolysis 
33 
of chloroform are correlated accurately by the "contrived" II_ 
function, but the highest base concentration for which there 
is rate data is 3.99 M. It is above this concentration that 
significant deviations in the described correlations occur. 
More accurate determinations of D0 at these high base concen- 
trations have to be made. 
In general, the available data is still too sparse, both 
in quantity and quality, to make any broad conclusions re- 
garding the value of basicity functions as parameters useful 
in the mechanistic interpretation of rate data. 
-: 
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TADLF.: XI 
Rate Data as a Function of [oc1I3] 
NaOCH3(~ log focHa] k x 105 log k 
5.283 0.7228 27.6 -3.5591 
4.686 0.6708 21.1 -3.6840 
4.052 0.6077 16.5 -3.7825 
3.418 0.5338 8.35 -4.0783 \ 
3.262 0.5135 8.29 -4.0814 
2.624 0.4190 4.01 -4.3958 
2.056 0.3131 2.24 -4.6402 
1.590 0.2014 1.08 -4.9666 
1.012 0.0051 .357 -5.4486 
.5280 -0.2774 .112 -5.9508 
.099* -1.0044 .0227 -6.6448 
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Rate Data as a Function of -D 0 
N aOCH3_lli} -Do k x 105 log k 
5.283 2.76 27.6 -3. 5591 
4.686 2.43 21.1 -3.6840 
4.052 2.02 16.5 -3.7825 
3.418 1.65 8.35 -4.0783 
3.262 1.56 8.29 -4.0814 
2.624 1.24 4.01 -4.3958 
2.056 .94 2.24 -4.6402 
1.590 .70 1.08 -4.9666 
1.012 .32 .357 -5.4486 
.5280 -.12 .112 -5.9508 
.099* -.95 .0227 -6.6448 
*Hine (24) 
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Rate Data as a Function of H- 
NaOCH3(M) H- log k 
5.283 19.90 -3.5591 
4.686 19.50 -3.6840 
4.052 19.02 -3.7825 
3.418 18.59 -4.0783 
3.262 18.48 -4.0814 
2.624 18.11 -4.3958 
2.056 17.76 -4.6402 
1.590 17.48 -4.9666 
1.012 17.05 -5.4486 
.5280 16.60 -5.9508 
.099 15.75 -6.6448 
--- 
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